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Description 
[Technical Field] 

[0001] The present invention relates to a filler sand filled in a ladle tap hole valve, such as a sliding nozzle or a rotary 
nozzle, which is used in tapping molten steel from a steelmaking ladle etc. 

[Background Art] 

[0002] A ladle for receiving molten steel is used in a ladle refining process or a continuous casting process carried 
out following a converter refining process, and a ladle tap hole valve (sliding nozzle or rotary nozzle) is arranged at the 
bottom of the ladle for tapping molten steel. In the ladle provided with such a ladle tap hole valve, to prevent molten steel 
from solidifying within a nozzle of the apparatus, the nozzle is charged with a refractory filler sand before receiving mol- 
ten steel, and after molten steel is poured into theladle, the nozzle is opened, whereby the filler sand falls freely, creat- 
ing an opening by itself, or a free opening, through which the molten steel flows down. 

[0003] Conventionally as such filler sand, silica sand (Si0 2 : 90 to 99%) is generally used. The purity of Si0 2 is 
adjusted as needed depending on use to. prevent sintering (Unexamined Japanese Patent Publication (KOKAI) No. 64- 
48662). or conversely, orthoclase (K 2 0 • AJ2O3 ,? 6Si6 2 ) is added to cause sintering, thereby forming a viscous film in 
a region which comes into contact vyith molten steel toprevent penetration of the molten steel. 
[0004] In the former case, however, although the filler sand can be prevented from sintering, penetration of molten 
steel cannot be effectively prevented, and thus no great improvement in the free opening ratio of the ladle can be 
expected. In the latter case, on the other hand, the filler sand can be used satisfactorily in ordinary operation, but in 
cases where molten steel needs to beprocessed at high temperature for a long time in ladle refining, etc. to produce 
high-grade steel, sintering of the filler sand itself progresses to such an extent that an unyielding film is formed, with the 
result that the free opening very often fails to be created, if non-free opening is created, it is necessary that oxygen be 
blown from below with a long nozzle detached, to forcibly make an opening. However, contact of molten steel with air 
adversely affects the quality of the resulting steel, and thus the grade down of steel or scrap is produced, causing a 
great deal of damage. 

[0005] To solve the problem, attempts have recently been made to admix the filler sand with flake graphite or earthy 
graphite, taking account of properties of graphite, that is, the property of inhibiting sintering and the property of being 
less wettable by molten steel. However, segregation is caused by a phenomenon occurring before graphite is put to use 
and is contained in a hopper, paper bag or container bag, such as by a difference in specific gravity or good sliding prop- 
erty of graphite, and thus expected results are not achieved yet in practice. Attempts have also been made to use pitch, 
but the use of pitch is not preferred because it has a 30 to 70% content of volatiles, gas is produced during use, and 
because segregation occurs. 

[0006] There has also been proposed to add 0.05 to 5.0 wt% of carbon black to a filler sand such as silica sand, MgO 
clinker or zircon sand (Unexamined Japanese Patent Publication No. 4-84664). Carbon black has a high percentage of 
residue, has a small content of volatiles, and is excellent in preventing sintering and preventing penetration of molten 
steel, compared with the blending material such as flake or earthy graphite, pitch, etc: Also, since carbon black has a 
large specific surface, it shows excellent dispersion when added to the filler sand and can prevent segregation. Further, 
carbon black is excellent in adhesion to silica sand. Filler sand admixed with carbon black is therefore regarded as a 
potential material having excellent properties required of the filler sand, such as the property of preventing sintering and 
penetration of molten steel. 

[0007] However, although the filler sand disclosed in Unexamined Japanese Patent Publication No. 4-84664 is effec- 
tive in some degree, the free opening ratio during a high tapping temperature and long lead time process involving ladle 
refining is not of a satisfactory level, and thus there is a demand for a filler sand which ensures a high free opening ratio 
even under such severe conditions. 

[0008] As such filler sand, chromrie sand having a higher melting point than silica sand is also used. However, chr- 
omite sand becomes sintered when molten steel is tapped, and the opening often fails to be created; therefore, chr- 
omite sand is seldom used singly and is used in combination with silica sand. 

[0009] Even such a filler sand having chromrte sand mixed with silica sand does not ensure a satisfactory free opening 
ratio in a high tapping temperature and long lead time process involving ladle refining. Also, the filler sand is liable to be 
sintered to the surface of a well block during such a high tapping temperature and long lead time process, and accord- 
ingly, the well block needs to be cleaned with oxygen with increased frequency, possibly shortening the life of the well 
block and lowering the yield because of residual steel in the ladle. 
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[Disclosure of the Invention] 

[0010] An object of the present invention is to provide a filler sand for a ladle tap hole valve which filler sand ensures 
a high free opening ratio even during a high tapping temperature and long lead time process involving ladle refining 
5 without shortening the life of a well block or entailing reduction in the yield. 

[001 1 ] According to a first aspect of the present invention, there is provided a filler sand for a ladle tap hole valve which 
contains 70 to 90 wt% of chromite sand and 10,10 30 wt% of .silica sand and is blended externally with 0.05 to 5 wt% of 
carbon black calculated based on a total amount of the chromite sand and the silica sand. 

[0012] The above filler sand is preferably blended ; with 0.05 to 1 wt% of carbon black calculated based on the total 

10 amount of the chromite sand and the silica sand. Also, preferably, 95% or more of the chromite sand consists of parti- 
cles having particle diameters falling within a range of 150 to 850 u.m, 60% or more of the chromite sand consists of 
particles having particle diameters falling within a range of 200 to 425 urn, 95% or more of the silica sand consists of 
particles having particle diameters falling within a range of 200 to 850 u.m, and 60% or more of the silica sand consists 
of particles having particle diameters falling within a. range of 300 to 600 jim. Further, in the above filler sand, the silica 

is sand preferably has a of partide diameter coefficient -of 1.4 or less. Preferably, moreover, the chromite sand contains 
substantially no particles having particie diameters, smaller than 53 urn and substantially no particles having particle 
diameters exceeding 850 urn. Still preferably, the silica sand contains substantially no particles having particle diame- 
ters smaller than. 106 ^im and substantially no particles haying particle diameters exceeding 1180 urn. Further, the car- 
bon black is preferably blended in such a manner that it is coated on the silica sand. 

20 [001 3] According to a second aspect of the present invention, there is provided a filler sand for a ladle tap hole valve 
which contains^70 to 90 wt% of chromite sand and 1 0 to 30 wt% of silica sand, wherein 99% or more of the chromite 
sand consists of particles having particle diameters falling within a range of 150 to 850 uni, 95% or more of the chromite 
sand consists of particles having particle diameters^falling r within a range of 200 to 600 jim, 957© or more of the silica 
sand consist of partides haying partide diameters falling within a range of 150 to 850 urn, and 80% or more of the sil- 

25 ica sand consjsts of particles having particle, diameters falling - within a range of 200 to 600 um. 

[0014] The filler sand according to the second . asoect of the present invention is preferably blended externally with 
0.05 to 5 wi% of carbon black calculated based on a totafamount of the chromite sand and the silica sand. A still pre- 
ferred content of carbon black is 0.05 to 1 wt%. Also, the carbon black is preferably blended in such a manner that it is 
coated on the silica sand. Preferably, moreover, the silica sand has a of partide diameter coefficient of 1 .4 or less. 

30 

[Brief Description of the Drawings] 
[0015] 

35 FIG. 1 is a. sectional view showing a. sliding nozzle as an example of a lade tap hole valve to which a filler sand 
according to the present invention is applied; 

FIG. 2 is a graph showing, by way of example, particle diameter distributions of chromite sand and silica sand 
according to a first embodiment of the present invention; 

FIG. 3 is a graph showing, by way of example, particle diameter distributions of chromite sand and silica sand 
40 according to a second embodiment of the present invention; and 

FIGS. 4 and 5 are graphs each showing particie diameter distributions of chromite sand and silica sand according 
to a comparative example in contrast to the second embodiment of the present invention. 

[Best Mode of Carrying out the Invention] 

45 

[0016] A filler sand for a ladle tap hole valve according to a first embodiment of the present invention contains 70 to 
90 wt% of chromite sand and 1 0 to 30 wt% of silica sand, and the filler sand is blended externally with 0.05 to 5 wt% of 
carbon black calculated based on the total amount of the chromite sand and the silica sand. 
[001 7] The inventors hereof made a study of filler sand for use in a ladle tap hole valve which filler sand can maintain 

so a high free opening ratio even during a high tapping temperature and long lead time process at a tapping temperature 
of 1700°C or more and a molten steel lead time of.200 minutes.or more, corresponding to ladle refining for high-grade 
steel. As a result of the study, they found that intended properties could be obtained by blending a base material, which 
constituted, of .chromite^sand and silica sancLmixed in a certain ratio, with a small amount of carbon black. 
[0018] Namely, sifica sand, which is generally used as a fijler.sand, is blended with chromite. sand in an appropriate 

55 ratio so that both the drawback of silica sand, that is, low refractoriness, and the drawback of chromite sand, that is, lia- 
bility to sintering by molten steel despite its high melting^emperatyre, can be compensated for. The mixture is further 
blended wfth carbon black, to thereby prevent the particles of the silica sand or chromite.sand from sintering and thus 
binding together and also to prevent molten steel from penetrating into the filler sand by the penetration preventing 
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property of carbon black. Consequently, an extremely high free opening ratio can be obtained even during a high tap- 
ping temperature and long lead time process involving ladle refining. 

[0019] These effects cannot be obtained by the technique disclosed in Unexamined Japanese Patent Publication No. 
4-84664 mentioned above in which carbon black is merely added to silica sand, MgO clinker or zircon sand convention- 
5 ally used as a filler sand, and can be achieved by a combined effect provided by blending silica sand with chromite sand 
in an appropriate ratio and by adding a small amount of carbon black 

[0020] High-grade steel referred to herein denotes stainless steel, ultra low sulfur steel, bearing steel, etc. 

[0021] According to the present invention, 70 to 90 wt% chromite sand and 10 to 30 wt% silica sand are blended in 

these ranges so as to compensate for both the drawback of silica sand, that is, low refractoriness, and the drawback of 

10 chromite sand, that is, liability to sintering by molten steel, and thereby increase the free opening ratio. Specifically, chr- 
omite sand has a refractoriness of up to about 2150 b C, considerably higher than that of silica sand of about 1720°C, 
and by blending chromite sand with 1 0 to 30 wt% of silica sand, the problem with chromite sand, that is, liability to sin- 
tering, can be solved. Preferred ranges are 75 to 85 wt% for chromite sand and 15 to c 25 wfe for silica sand. * 
[0022] The sand mixture is admixed externally with carbon black in the range of 0.05 to 5 wt% calculated based on 

15 the total amount of the chromite sand and the silica sand, and adding carbon black in this range serves to prevent the 
particles of the silica sand or chromite sand from sintering and thus binding together and also to prevent molten steel 
from penefrating irto theifiller sand by the penetration preventing . 
[0023] If the content of carbon black is less than 0:05 wt%, a sufficieht effect of prevehting the sand particles from 
binding together is not obtained, and if 5% is exceeded, the pickup amount of carbon into molten steel becomes too 

20 large. In the case of making ultra low carbon steel, the pickup amount of carbon into molten steel must be reduced to 
the smallest possible value, and in such a case the content of carbon black is preferably restricted to 1 wt% or less. 
[0024] Thus, chromite sand and silica sand are blended in a predetermined ratio to compensate for the drawbacks of 
these two types of sand and the sintering preventing effect and molten steel penetration preventing effect of carbon 
black are utilized in combination, whereby an extremely high free opening ratio can be obtained even during a severe 

25 process such as a high tapping temperature arid long lead time process involving ladle refining, or more specifically, a 
process at a tapping temperature of 1700°C or more arid a molten steel lead time of 200 minutes or more. 
[0025] If no carbon black is contained in this embodiment, the filler sand is liable to be sintered to the surface of a well 
block in cases where the molten steel holding time is longer than 2-3 hours. Thus, the well block needs to be cleaned 
with oxygen with increased frequency, possibly shortening the life of the Well block arid causing reduction in the yield 

30 because of residual steel in the ladle, but the problem does not arise since carbon black is contained. 

[0026] Preferably, in this embodiment, 95% or more of the chromite sand consists of particles having particle diame- 
ters falling within a range of 150 to 850 um, 60% or more of the chromite sand consists of particles having particle diam- 
eters falling within a range of 200 to 425 um, 95% or more of the silica sand consists of particles having particle 
diameters falling within a range of 200 to 850 um, and 60% or more of the silica sand consists of particles having par- 

35 tide diameters falling within a range of 300 to 600 um. By setting the particle diameter dis'tributioris' in this manner, 
excessive production of sintered layer, bridging induced by thermal expansion, and penetration of slag or steel can be 
prevented more effectively, that is. the degree of sintering and the molten steel penetrating property can be reduced to 
an even lower level, thereby greatly increasing the free opening ratio. 

[0027] To enhance the advantageous effects, preferably, the chromite sand contains substantially no particles having 
40 particle diameters smaller than 53 urn and/or substantially no particles having particle diameters exceeding 850 um. 
and the silica sand contains substantially no particles having particle diameters smaller than 106 um and/or substan- 
tially no particles having particle diameters exceeding 1180 um; in this case, nearly 100% free opening ratio can be 
achieved. 

[0028] The particle size distribution is obtained based on the values measured in conformity with a particle size deter- 
45 mination method (Z2602) for molding sand as provided by JIS. According to this method, sieves are stacked up in order 
of nominal size such that the coarsest sieve is located on top, and with a material put on the uppermost sieve, that is, 
on the coarsest sieve, the material is sieved using a screening machine such as a law-tap-type screening machine. 
[0029] A second embodiment of the present invention will be now described. 

[0030] A filler sand for a ladle tap hole valve according to the second embodiment of the present invention contains 
so 70 to 90 wt% of chromite sand and 10 to 30 wt% of silica sand, wherein 99% or more of the chromite sand consists of 
particles having particle diameters falling within a range of 150 to 850 um, 95% or more of the chromite sand consists 
of particles having particle diameters falling wfthin a range of 200 to 600 um, 95% or more of the silica sand consists of 
particles having particle diameters falling within a range of 150 to 850 um, 80% or more of the silica sand consists of 
particles having particle diameters falling within a range of 200 to 600 um. 
55 [0031 ] In the first embodiment described above, to obtain a filler sand for a ladle tap hole valve which can maintain a 
high free opening ratio even during a high tapping temperature and long lead time process involving ladle refining, a 
base material, which consists of chromite sand and silica sand mixed in a certain ratio, is blended with a small amount 
of carbon black and also the preferred particle diameter distrtoutions for the sands are defined as stated above. In this 
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embodiment, by contrast, the particle diameter distributions of the chromite sand and the silica sand are limited to 
respective specified ranges different from those of the preferred particle diameter distributions of the foregoing embod- 
iment. * 

[0032] Specifically, silica sand, which is generally used as. a filler sand, is blended with chromite sand in the same 
5 ratio as that pf the first embodiment, and the particle diameter distributions of the sands are limited to the aforemen- 
tioned respective specified ranges, whereby both the drawbackof silica sand, that is, low refractoriness, and the draw- 
back of chromite sand, that is, liability to sintering by molten steel despite its high melting ternperature. 'can be 
conrpensated ; for fi and it is possible to prevent the particles of the silica sand or, the chromite sand from sintering and 
thus binding together and also to prevent molten steel from penetrating into the filler sand by the penetration* preventing 
10 effect. Consequently, an extremely high free opening ratio can be achieved even during a high tapping temperature and 
long lead time process involving ladle refining. 

[0033] In this embodiment, 99% or more of the chromite sand consists of particles having particle diameters failing 
within a range of 150 to 850 jim, 95% or more of the chromite sand consists of particles having particle diameters falling 
within a range of , 200 -to 60Q jim, 95% or more of the silica sand consists of particles having particle diameters falling 

15 within a range of 1 50 to 850 ^m, and 80% or more of the silica sand-consists of particles having particle diameters fall- 
ing within a range of 200 to 600 urn. Thus, the chromite sand has a steep particle diameter distribution in which particles 
with diameters ranging from 200 to 600 urn account for an especially large part, and the silica sandalso has a relatively 
steep particle diamet^ in which particles with diameters ranging from 200 to 600 urn account for an espe- 

cially large part, whereby the mixing uniformity and filling characteristics of the two types of sand are improved, and it 

20 s possible to effectively prevent excessive production of sintered layer, bridging induced by thermal expansion and pen- 
etration of slag or steel in particular, and also to greatly increase the free opening ratio even though no carbon black is 
contained. 

[0034] The particle diameter distributions of the first embodiment are based on an idea of having coarse particles, 
which are considered to be Ipw in the degree of sintering, contained in the filler sand to a certain extent to aJ low fine 

25 particles to be located between coarse parte! es, thereby ensuring the mixing uniformity and the filling characteristics. 
In this embodiment, by contrast, the amount of relatively fine particles having diameters ranging from 200 to 600 jim is 
increased in particular to effectively prevent the penetration of molten steel. Namely, by setting the particle diameter dis- - 
tributions in this manner, voids created when the filler sand is filled can be made small, thereby further enhancing the 
mixing characteristics and greatly reducing the penetration of molten steel, and as a consequence, an extremely high 

30 free opening ratio can be obtained even though no carbon black is contained. 

[0035] The peak in the particle diameter distribution of the chromite sand is preferably close to that in the particle 
diameter distribution of the silica sand, or more specifically, the two peaks are preferably within a range of 100 urn, 
whereby voids created, when the filler sand is filled can be made even smaller. 

[0036] Thus, the particle diameter distributions of this embodiment can ensure an extremely high free opening ratio, 

35 but in viewjrt a high tappingtemperature and long lead time process for high-grade steel whicNnvolves ladle refining 
of a molten steel lead time of 300 minutes or more, the filler sand is preferably, blended externally with 0.05 to 5 wt% of 
carbon black calculated based on the total amount of the chromite sand and the silica sand. By adding carbon black in 
this range, it is possible to prevent the particles of the silica sand or the chromite sand from sintering and thus binding 
together, and also. to effectryely prevent molten steel from penetrating intojhe filler sand by the penetration preventing 

40 effect of carbon black. ^Where^ carbon black is contained, an extremely .high. free opening ratio can be achieved under 
any operating conditions. Also in this embedment, where carbon black is to be added, the amount of carbon black is 
preferably limited to 1 wt% or less, in order to minimize the pickup amount of carbon by molten steel. 
[0037] In both of the above embodiments, the smaller the particle diameter of the silica sand, the lower the refracto- 
riness becomes, and to prevent this, silica sand having a particle diameter coefficient of 1.4 or less is preferably used. 

45 Silica sand having a particle diameter coefficient of 1 .4 or less is less liable to remain in the nozzle, and thus the need 
for removal of bridging can be greatly reduced. A more preferred range of the particle diameter coefficient is 1.3 to 1. 
[0038] The particle diameter coefficient referred to herein represents a value calculated using a sand surface area 
measuring instrument (manufactured by George-Fisher Corporation). Specifically, the particle diameter coefficient rep- 
resents a value obtained by dividing a surface area (specif ic surface area) per 1 g of actual sand by a theoretical specific 

so surface. The theoretical specif ic surface denotes aspecif ic surface based on the assumption that all sand particles are 
spherical in shape. Accordingly, rounder particles have a particle diameter coefficient closer to 1 . Preferably, in view of 
the mixing uniformity, the chromite sand also has a particle diameter coefficient of 1.4 or less. 
[0039] The ^rorrjte sand used jn the present invenion is not particularly limited and may be obtained by subjecting 
naturally occurring chromite sancKas a raw.material to drying, classifying,- etc.; or alternatively, naturally occurring chr- 

55 omite sand may be directly used.. Chromite sand, though its composition varies depending on the place of production, 
generally contains 30 wt% or.more.Cr 2 0 3 , preferably 30,to 60 wt% C^C^. For example, typical chromite sand contains 
40 to 50 wt% of Cr 2 0 3 , 20 to 30 wt% of FeO. about 15 wt% of AI2O3 and about 10 wt% of MgO. Usually, the particle 
diameter coefficient of chromite sand is 1 .4 or less. 



5 




EP 0 950 452 A1 

[0040] The silica sand to be used is also not particularly limited and may be obtainedby subjecting naturally occurring 
silica sand as a raw material to drying, classifying, etc.; alternatively, naturally occurring silica sand may be directly 
used. The composition of silica sand also varies depending on the place of production, and it generally contains 90 wt% 
or more Si0 2 . As. such natural sand, Fremantle sand from Australia or domestic silica sand from the Tohoku region, for 
5 example, may be used. Silica sand may contain substances such as Al 2 0 3 , K 2 O p Na 2 0, etc., but since these sub- 
stances lower the meiting point of the silica sand and are a cause of the failure to make an opening, the substances, if 
contained, should preferably be limited to 1 wt% or less. 

[0041] To make the quality of the chromite sand and of the silica sand constant, sand which has been subjected to 
grinding may be used. Also, two or more types of ground or unground sands may be mixed. 

10 [0042] For such grinding, either a dry process or a wet process, both conventionally known, may be adopted. The dry 
grinding process includes a process using a pneumatic scrubber such as Sand reclaimer in which a sand material is 
blown up by a high-speed air flow to collide against a collision plate so that the sand particles may be ground by mutual 
collision and friction, and a process using a high-speed agitator such as an agitator milUri which sand is ground by fric- 
tion. The wet grinding process, on the other hand, includes a process using a trough-type grinder in which blades are 

is rotated so that sand particles in the trough may be ground by mutual friction. 

[0043] Of these dry and wet grinding processes; the wet process is preferred because, where the wet process is 
adopted, sand particles smaller in. size than a desired: particle size can be removed at the s^me time as they are 
washed in water during the grinding process. Even in the case where the dry process is employed, a similar effect can 
be obtained by using a water washing device in combination. 

20 [0044] The ladle tap hole valve to which the filler sand of the present invention is applied includes a sliding nozzle and 
a rotary nozzle, the shape of which is not particularly limited. Also, there is no particular restriction on the type of molten 
steel to be used. 

[0045] The filler sand of the present invention may be of any form insofar as the sands are blended in the aforemen- 
tioned ratio. In cases where carbon black is to be added, however,' carbon black is preferably mixed in advice with a 

25 binder or the like so that it may have a suitable viscosity, and is coated on the surface of the silica sand, arid the silica 
sand thus coated with carbon black is uniformly mixed with the chromite sand. This permits carbon black to be uniformly 
dispersed and also more effectively prevents sintering of the silica sand. The term "coat" means herein causing carbon 
black particles to adhere to the surfaces of the silica sand particles, and it does not necessarily mean forming a layer 
of carbon black Carbon black may alternatively be coated on the chromite sand or be coated on both of the silica sand 

30 and the chromite sand. 

[0046] FIG. 1 shows a structure of a sliding nozzle, as an example of the ladle tap hole valve to which the filler sand 
of the present invention is applied. A sliding nozzle 10 comprises an upper nozzle 3. a well bldck 2 laterally supporting 
the upper nozzle, a fixed plate 4 supporting the upper nozzle 3 frbm below, a slide plate 5 slidable relative to the fixed 
plate 4. and a lower nozzle 6 attached to the bottom of the slide plate 5. A filler sand 1 according to the present invention 

35 is filled in a nozzle hole 7 defined by the upper nozzle 3. With the sliding nozzle 10 closed as illustrated in the figure, 
molten steel is poured into the ladle. After the molten steel is poured, the slide plate 5 is moved, whereby the sliding 
nozzle opens. Consequently, the filler sand falls and the nozzle hole 7 opens by itself. A rotary nozzle has a basic struc- 
ture similar to that of the sliding nozzle and differs therefrom only in that the slide plate is rotatable. 
[0047] The filler sand of the present invention used in this manner is less liable to sinter and also the penetration of 

40 molten steel is less liable to occur even during a high tapping temperature and long lead time process involving ladle 
refining, as stated above, whereby an extremely high free opening ratio can be maintained. 

EXAMPLES 

45 [0048] Specific examples according to the present invention will be now described. 
(Examples 1) 

[0049] In the following, examples corresponding to the first embodiment will be explained. 

so [0050] Each of ffller sands obtained by WencBng chromite sand, silica sand and carbon black in respective ratios 
shown in Table 1 was filled in the nozzle hole of 75 mm0 in nozzle diameter of a ladle tap hole valve arranged at the 
bottom of a 250-ton ladle, and a free opening ratio for 1 000 charges was measured. In Test 1 . ordinary continuous cast- 
ing was performed for almost all charges, and Test 2 was conducted under 10% severer conditions of a tapping tem- 
perature of 1700°C or more and a molten steel lead time of 200 minutes or more, corresponding to ladle refining for 

55 high-grade steel such as stainless steel, ultra low sulfur steel, bearing steel, etc. The free opening ratio obtained in 
these tests are shown in Table 1 . Symbols in the columns "Particle Diameter Distribution of Chromite Sand" and "par- 
ticle Diameter Distribution of Silica Sand" of Table 1 represent respective particle diameter distributions shown in Tables 
2 and 3. The carbon black used had an average particle diameter of 40 nm. The chromite sand and the silica sand had 



6 




EP 0 950 452 A1 

a particle diameter coefficient of about 1 .3. 

[0051] Among the examples satisfying the ranges of the. present invention, Sample Nos. 2 to 4 and 6 to 14 showed a 
high free opening-ratio of 99.4% or more in both of Teste 1 and 2. Particularly, Sample Nos. 2 to 4 and 6 to 8 of which 
the chromite particles and the silica particles had particle diameter distributions falling within respective preferred 
5 ranges showed excellent results, and among these. Sample Nos. 2 to 4 containing smaller amounts of coarse particles 
and fine particles showed a 1 00% free opening ratio in both tests. In the samples containing 0.5 wt% carbon black, the 
pickup amount of carbon into molten steel was nearly zero, proving that these fillers could be used in making ultra low 
carbon steel. . 

[0052J FIG. 2 shows the particle diameter distributions of the chromite sand and the silica sand used in Sample Nos. 
w 2 to 4. 

[0053] By contrast. Sample No. 1 , which contained chromite sand and silica sand in a ratio falling within the range of 
the present invention but no carbon black and of which the chromite sand and the silica sand had particle diameter dis- 
tributions falling within the respective preferred ranges, showed an excellent free opening ratio in Test 1 but a somewhat 
low free opening ratio of 99.8^ in Test 2. Also, this filler sand was sintered to the surface of the well block with high "fre- 
ts quency and ffie frequency of cleaning the well block with oxygen was high. Sample No. 5 having a large carbon black 
content showed an excellent free opening ratio but was found to be unsuitable for actual use because of a large pickup 
amount of carbon by molten steel. 

[0054] Sample Nos. 1 5 to "1 7 containing chromite sand and silica sand in ratios outside the range of the present inven- 
tion and Sample Nos. 18 to 23 having carbon black added to chromite sand alone or to silica sand alone failed to show 
20 a high free opening ratio in Tests 1 and 2, though carbon black was added. 

[0055] From these results, it was confirmed that by blending chromite sand, silica sand and carbon black in an appro- 
priate ratio, a high free opening ratio could be obtained even during a high tappingtemperature and long lead time proc- 
ess involving ladle refining at a tapping temperature of 1700°C or more and a molten steel lead time of 200 minutes or 
more. 
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Table 1 



30 


Sample 
No. 


Blend Ratio (wt%) 


Carbon 
Black 
(wt%) 


Particle 
Diameter 
Distribu- 
tion of 
Chromite 
Sand 


Particle 
Diameter 
Distribu- 
tion of Sil- 
ica Sand 


Free opening Ratio (%) 


Remarks 


35 




Chromite 
Sand 


Silica Sand 








Testl 


Test 2 




40 


1 

2 


80 
80 


20 
20 


0 

. 0.1 


A 
A 


a 
a 


100 
100 


99.8 
100 


Compara- 
tive Exam- 
pie 

Example 




3 


80 


20 


0.5 


A 


a 


100 


100 






4 


80 


20 


3 


A 


a 


100 


100 




45 


5 


80 


20 


6 


A 


a 


100 


99.8 


Compara- 
tive Exam- 
ple 




6 


80 


20 


0.1 


B 


b 


99.8 


99.8 


Example 


50 


7 


80 


20 


0.5 


B 


b 


99.8 


99.8 






8 


80 


20 


3 


B 


b 


99.8. 


99.8 






9 


80 


20 


0.1 


A 


c I 


99.4 


99.4 




55 


10 
11 


80 
80 


20 
20 


0.5 
3 


A 
A 


c 
c 


99.4-. 
99.4 


99.4 
99.4 






12 


80 


20 


0.1 


C 


a 


99.4 


99.4 
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Table 1 (continued) 
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Sample 
No. 


Blend Ratio (wt%) 


Carbon 
Black 
(wt%) 


Particle 
Diameter 
Distribu- 
tion of 
Chromite 
Sand 


Particle 
Diameter 
Distribu- 
tion of Sil- 
ica Sand 


Free opening Ratio (%) 


Remarks 


10 




Chromite 
Sand 


Silica Sand 








Test 1 


Test2 






13 


80 


20 


0.5 


C 


a 


99.4 


99.4 






14 


80 


20 


3 


C 


a 




QO A 

yy.4 


• :•■ * 


15 


15 


60 


40 


0.1 


A 


a 


99.0 


98.8 


Cbmpara- 
tive Exam- 
ple 




16 


60 


40 


n ^ 


A 
M 


a 


99.0 


98.8 




20 


17 


60 


40 


3 


A 


a 


99.0 


98.8 




18 


0 


100 


0.1 




a 


98.2 


98.0 






19 


0 


100 


0.5 




a 


98.2 


98.0 






20 


0 


100 


3 




a 


98.2 


98.0 




25 


21 


100 


0 


0.1 


A 




98.8 


98.6 






22 


100 


0 


0.5 


A 




98.8 


98.6 






23 


100 


0 


3 


A 




98.8 


98.6 
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Table 2 



35 





Particle Diameter Distribution of Chromite Sand (%) 




>850 
um 


>600 
urn 


>425 
(im 


>300 
urn 


>212 
um 


> 150 um 


> 106 um 


>75 um 


> 53 pm 


< 53 um 


A 




3.0 


18.4 


32.7 


30.7 


13.2 


1.6 


0.3 


0.1 




B 


0.1 


0.3 


2.6 


14.0 


39.9 


34.6 


7.8 


0.7 


0.2 


0.1 ' 


C 


3.0 


5.2 


17.5 


28.5 


30.2 


12.4 


3.0 


0.1 


0.1 
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Table 3 



55 





Particle Diameter Distribution of Silica Sand {%) 




> 850 um 


> 600 um 


> 425 um 


> 300 um 


> 212 um 


> 150 um 


> 106 um 


< 106 um 


a 




23.1 


49.7 


19.1 


6.0 


1.5 


0.1 




b 


1.8 


30.5 


44.5 


19.6 


3.2 


0.5 


0.1 | 


0.1 


c 


3.8 


28.5 


40.4 


21.7 


3.2 


2.0 


0.1 


0.1 



8 



EP 0 950 452 A1 

(Examples 2) 

[0056] In the following, examples corresponding to the second embodiment will be explained. 

[0057] A filler sand of Sample No. 24, obtained by blending chromite sand having a particle diameter coefficient of 

5 about 1 .3 with silica sand in a ratio shown in Table 4, was filled in the nozzle hole of 75 mm 0 in nozzle diameter of the 
ladle tap hole valve arranged at the bottom of the 250-ton ladle, and the free opening ratio for 1000 charges was meas- 
ured. In this case, test was conducted for all charges under severe conditions of a tapping temperature of 1700°C or 
more and a molten-steel lead time of 200 minutes or more, corresponding to ladle refining for high-grade steel. As a 
result, the free opening ratio was found to he 100%. FIG. 3 shows the respective particle diameter distributions of the 

io chromite sand and the silica sand used in this sample. 

[0058] For the purpose of comparison, filler sands of Sample Nos. 25 and 26, containing larger amounts of coarse 
partides than Sample No. 24 and having particle diameter distributions shown in Table 5, were each similarly filled in 
the nozzle hole of 75 mm0 in nozzle diameter of the ladle tap hole valve arranged at the bottom of the 250-toh ladle, 
and the free opening ratio was measured under the same conditions. As a result, the samples showed an insufficient 

is free opening ratio of 98.5%. FIGS. 4 and 5 show the particle diameter distributions of the chromite sand and the silica 
sand used in Sample Nos. 25 and 26, respectively. 

[0059] Subsequently, filler sands identical with that of Sample No. 24 and blended externally with 0. 1%, 0.5% and 
3% of carbon black, respectively, were prepared, and were each filled in the nozzle hole of 75 mm0 in nozzle diameter 
of the ladle tap hole valve arranged at the bottom of the 250-ton ladle, and the free opening ratio was measured for 1000 
20 charges under conditions of a tapping temperature of 1700°C or more and a molten steel lead time of 300 minutes or 
more, corresponding to an even severer one of ladle refining processes for high-grade steel. As a result of the meas- 
urement, all f flier sands showed a free opening ratio of 100%. 



25 Table 4 
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Sample 
No. 




Blend 
Ratio 
(wt%) 


Particle diameter distribution (%) 








>850 
urn 


>600 
jam 


>425 
fim 


>300 
pm 


>212 


> 150 
um 


> 106 
jim 


<106 


I 24 


Chr- 
omite 
Sand 


80 




2.3 


16.5 


45.5 


34.9 


0.7 


0.1 




Silica 
Sand 


20 






7.2 


1 44.2 


32.1 


12^3 


4.2 





Tables 



45 


Sam- 
ple No. 




Blend 
ratio 
(wt%) 


Particle diameter distribution (%) 










>850 
jim 


>600 
jim 


>425 
jim 


>300 
jim 


>212 
um 


> 150 
pm 


> 106 
pm 


<106 
|im 


50 


25 


Chr- 
omite 
Sand 


80 


4.3 


13.3 


21.7 


33 


26.9 


0.6 


0.2 








Silica 
Sand 


20 




23.1 


49.7 


19.1 


6 


1.5 


0.1 
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Table 5 (continued) 



5 


Sam- 
ple No. 




Blend 
ratio 

\Wl /Of 


Particle diameter distribution (%> 










>850 


>600 
jim 


>425 
jim 


>300 
jim 


>212 
|im 


>150 
jim 


> 106 
jim 


<106 
jim 


10 


26 


Chr- 
omite 
Sand 


80 


11.9 


25:9 


26.3 


22 


13.6 


0.3 










Silica 
Sand ; 


20 




23.1 


49.7 


19.1 


6 


1.5 


0.1 





15 Claims 



1 . A filler sand for a ladle tap hole valve containing 70 to 90 wt% of chromite sand and 10 to 30 wt% of silica sand, 
said filler sand being blended externally with 0 05 to 5 wt% of carbon black calculated based on a total amount of 
the chromite sand and the silica sand. 

20 

2. The filler sand according to claim 1 , wherein said filler sand is blended with 0.05 to 1 wt% of carbon black calculated 
based on the total amount of the chromite sand and the silica sand. 



3. The filler sand according to claim 1 , wherein 95% or more of the chromite sand consists of particles having particle 
25 diameters falling within a range of 150 to 850 urn, 60% or more of the chromite sand consists of particles having 
particle diameters failing within a range of 200 to 425 jim, 95% or more of the silica sand consists of particles hav- 
ing particle diameters falling within a range of 200 to 850 ^m, and 60% or more of the silica sand consists of parti- 
cles having particle diameters falling within a range of 300 to 600 urn. 

30 4. The filler sand according to claim 1 , wherein the silica sand has a particle diameter coefficient of 1 .4 or less. 

5. The filler sand according to claim 3, wherein the chromite sand contains substantially no particles having particle 
diameters smaller than 53 |im. 

35 6. The filler sand according to claim 3, wherein the chromite sand contains substantially no particles having particle 
diameters exceeding 850 jim. 

7. The filler sand according to claim 3, wherein the silica sand contains substantially no particles having particle diam- 
eters smaller than 1 06 urn. 

40 

8. The filler sand according to claim 3, wherein the silica sand contains substantially no particles having particle diam- 
eters exceeding 1 1 80 jim. 

9. The filler sand according to claim 1 , wherein the carbon black is blended in such a manner that it is coated on the 
45 silica sand. 

10. A filler sand for a ladle tap hole valve containing 70 to 90 wt% of chromite sand and 10 to 30 wt% of silica sand, 
wherein 99% or more of the chromite sand consists of particles having particle diameters falling within a range of 
150 to 850 jim, 95% or more of the chromite sand consists of particles having particle diameters falling within a 

so range of 200 to 600 urn, 95% or more of the silica sand consists of particles having particle cfiameters falling within 
a range of 150 to 850 urn. and 80% or more of the silica sand consists of particles having particle diameters falling 
within a range of 200 to 600 jim. 

11. The filler sand according to claim 10, wherein said filler sand is blended externally with 0.05 to 5 wt% of carbon 
55 black calculated based on a total amount of the chromite sand and the silica sand. 

12. The finer sand accorcfing to claim 1 1 , wherein said f flier sand is blended with 0.05 to 1 wt% of carbon black calcu- 
lated based on the total amount of the chromite sand and the silica sand. 
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1 3. The filler sand according to claim 1 0, wherein the carbon black is blended in such a manner that it is coated on the 
silica sand. 

1 4. The filler sand according to claim 10, wherein the silica sand has a particle diameter coefficient of 1 .4 or less. 

5 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



11 



EP0 950 452 A1 



FIG.1 
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FIG.2 
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FIG.3 
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FIG.5 
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